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the palatal material insufficiency, prompted us to identify molecules
that, in addition to the mechanical stimuli from the musculature, may
be instructing the palatal shelves to fuse. To that end, we employed
cDNA microarray analysis comparing the normal palate to the cleft
palate inmusclelessmouse fetuses. Using aminimumdifference of 3.5,
we obtained 19 up-regulated and 115 down-regulated molecules. Our
consultation of expression, distribution and function databases
revealed the following candidate molecules with a novel function in
the palatal development: Tgfbr2, Bmp7, Gdf11, Trim71 and possibly
E2f5, Ddx5, Gfap and Sema3f. Currently, we are completing our
analysis of Gdf11 mice that clearly shows cleft palate. This work is
funded by NSERC, CFI and DMRF to B.K.
doi:10.1016/j.ydbio.2011.05.362
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Resveratrol prevents impairment in MAP kinase pathways and
protects the embryos against malformations in a rodent model of
diabetic embryopathy
Ambrish Kumar, Chandra Singh, Donald J. DiPette, Ugra S. Singh
University of South Carolina, Columbia, SC, USA
Diabetes is a metabolic disorder known to induce various
complications in the eye, kidney, peripheral and central nervous
system. In case of females the problem gets further aggravated as
diabetes also impairs embryonic development during pregnancy and
causes diabetic embryopathy. The high rate of birth defects associated
with diabetic embryopathy is a significant public health problem in
United States. Among the various malformations in diabetic embryo-
pathy, neural tube defects (NTDs) are the most common complica-
tions. Many studies have shown that 50–70% of NTDs can be prevented
by folic acid supplementation before and during pregnancy. However,
complete protection by any drug or supplementation remains elusive.
G-proteins (Gi/Go/Gz) have been reported to be involved in neural
tube closing and knocking out of Rho GTPase (Rac1) causes
exencephaly and spina bifida. Recent studies suggest that resveratrol
improves insulin sensitivity, lowers plasma glucose, and increases
mitochondrial capacity in diet-induced obese mice. This study
investigated if resveratrol prevents diabetes-induced embryonic
malformations. Using a rodent model of diabetic embryopathy we
demonstrate that resveratrol (100 mg/kg body wt) administration to
diabetic dams reduces blood sugar and improves lipid profile (Singh et
al., Mol Nutr Food Res 2011, 55: 1–11). It also prevents malformations
such as NTDs in the embryos. Our immunohistology and biochemical
assays further show that diabetes affects MAP kinase pathways while
resveratrol prevents it. As MAP kinase pathways are also regulated by
Rho GTPases (RhoA and Rac1), resveratrol may target Rho GTPase
signaling to prevent neural tube defects.
doi:10.1016/j.ydbio.2011.05.363
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High concentrations of peroxynitrite in sperm induce infertility
on spontaneously diabetic rat models
Jae Hee Yoon, Ji Sun Kim, Gun Hyun Park, Sung Hun Bae, Sung Won
Kim, Cheol Ho Park, You Jin Hwang, Dae Young Kim
Gachon University of Medicine and Science, Incheon, Republic of Korea
One of the common causes of infertility is the defective sperm
function. Sperm can produce both O2(―) and NO during capacitation,
and these two radicals combine to form peroxynitrite(ONOO―).
Tyrosine nitration is a generally used marker of ONOO―. ONOO― has
a very short half-life, but it is able to make selective protein 3-
nitrotyrosine(on sperm protein), so 3-NT is measured as pointer for
the formation of ONOO―. Meanwhile oxidative stress (especially
ONOO―-mediated) has been considered to be pathogenesis of diabetic
complications. Some studies have shown that the level of NT was
significantly increased inplasmaof diabetic rat, comparedwith control
rats. Itmeans that overproduction of ONOO― had an effect on diabetes.
Also other studies revealed the involvement of NT during the sperm
capacitation and acrosome reaction. Therefore, this report aimed to
clarify the effect of ONOO― on sperm function impairment in
spontaneously diabetic rat models. We evaluated physiological effect
of ONOO― on these rat sperm function and compared Sprague–Dawley
(SD) rats. For NT protein expression level evaluation, we used western
blotting analysis. Level of 3-NT-containing proteins in spontaneously
diabetic rats was significantly increased than SD. Moreover, we
examined the change of sperm motility and capacitation, and our
work indicates that excessive exposure of spontaneously diabetic rats
sperm to ONOO― deceases motility and capacitation. This result
demonstrates that induced sperm dysfunction by overproduction of
ONOO― have a potential pathogenic role in infertility of diabetes.
doi:10.1016/j.ydbio.2011.05.364
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The role of folic acid in regulating epigenetic processes during
mammalian embryonic development
Mirza Peljto, Amber Marean, Lee Niswander
University of Colorado-Denver Pediatrics, Aurora, CO, USA
Gene-environment interactions influence embryonic development
and diseases. Folic acid (FA) supplementation is used as a public health
measure for prevention of birth defects. How FA interacts with genetic
components during embryogenesis remains poorly defined mainly
due to our inability to study FA-gene interactions in human develop-
ment. Here, we utilize the power ofmouse genetics and embryology to
study the molecular interaction between FA and the Line 3 Poly (L3P)
genetic component in mice. Under multi-generational low (2 ppm) FA
diet, heterozygous females harboring L3P mutation undergo embryo-
nic lethality. Importantly, L3P±lethality is rescued under high
(10 ppm) FA diet. We hypothesize that L3P±female loss is due to
defects in the maintenance of the inactivated X chromosome (Xi). As
FA is a methyl donor for DNA methylation and DNA methylation is
essential for Xi maintenance, FA may rescue Xi maintenance defects
through the DNA methylation pathway. Here, we will define when
L3P±females are lost and if Xi maintenance defects underlie L3P±
female loss. Furthermore, wewill examine if FA rescues Ximaintenance
defects in L3P±females and identify the L3P genetic component. In
addition, we will identify genes downstream of L3P genetic component
and FA pathway. Finally, we will examine the epigenetic changes that
result from a multi-generational FA diet. Together, these studies will
provide insights into themolecularmechanisms bywhich FA influences
epigenetic processes during mammalian development. These studies
are of relevance to human health considering US population-wide grain
fortificationwith FA andmaternal periconceptional use of FA to decrease
the risks of birth defects.
doi:10.1016/j.ydbio.2011.05.365
Program/Abstract # 407
Sprouty loss of function mutations in the mouse results in defects
characteristic of 22q11 deletion syndrome, which are exacerbated
by Tbx1 haploinsufficiency
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DiGeorge syndrome/velo-cardio-facial syndrome (DGS/VCFS;
22q11.2 deletion syndrome) is the most common microdeletion
syndrome in humans with an estimated incidence of 1/4000. Typical
features of this syndrome are cardiovascular defects such as
interrupted aortic arch, outflow tract defects, thymus and parathyroid
hypo- or aplasia as well as submucous cleft palate. The TBX1 gene
within the 22q11.2 region deleted in affected individuals encodes a T-
box transcription factor. Heterozygosity of Tbx1, the mouse homo-
logue of TBX1, results in mild defects dependent on genetic
background, whereas complete inactivation results in severe mal-
formations in multiple tissues, indicating that embryonic develop-
ment is highly sensitive to Tbx1 gene dosage. We report here that loss
of function mutations in two Sprouty genes, which encode feedback
antagonists of receptor tyrosine kinase (RTK) signaling, phenocopy
many defects associated with the syndrome in the mouse. A stepwise
reduction of Sprouty gene dosage resulted in different phenotypes
emerging at specific steps, suggesting that the threshold up to which
a given developmental process can tolerate increased RTK signaling is
different. Tbx1 heterozygosity significantly exacerbated the severity
of all these defects, which correlated with a substantial increase in
RTK signaling. We conclude from these observations that TBX1
functions as an essential component of a buffering mechanism that
protects the embryo against perturbations in RTK signaling that may
lead to developmental defects characteristic of DGS/VCFS.
doi:10.1016/j.ydbio.2011.05.366
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Reciprocal rescue of sensory cell cilia defects by CEP290 and BBS6
(MKKS) alleles
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Ciliopathies are developmental disorders that arise due to defects
in cilia biogenesis and function, and affect various sensory systems
including the auditory system. Involvement of multiple syndromic
ciliopathy genes, whose protein products are thought to function as
macromolecular complexes in both cilia and basal bodies, implicate
dynamic regulation of ciliary protein interactions. Mutations in
CEP290 (also known as NPHP6 or BBS14), have been found to cause
several ciliary disorders [Leber congenital amaurosis (LCA), Senior–
Loken syndrome, Joubert syndrome, nephronophthisis (NPHP),
Meckel–Gruber syndrome (MKS) and Bardet–Biedl syndrome
(BBS)]. Little is known about the function of CEP290, or how this
protein interacts with other cilia-related proteins complexes. An
initial finding of variants of MKKS (also known as BBS6) in LCA
patients led to an exploration of epistatic interactions between
CEP290 and MKKS. We found that the DSD domain of CEP290, which
is deleted in a mouse model (Cep290rd16) of LCA, directly interacts
with MKKS, and that pathogenic variants of MKKS disrupt this
interaction. Mice with either Cep290rd16/rd16 or Mkksko/ko geno-
types exhibit structural and functional auditory, photoreceptor, and
olfactory deficits. Unexpectedly, Cep290rd16/rd16; Mkksko/ko dou-
ble mutants actually show a degree of functional and/or morpholo-
gical rescue in all three sensory systems by comparison with either
single mutant. Morphological analysis suggests that improved
ciliogenesis forms the mechanistic basis for this functional rescue.
Our data demonstrate reciprocal modifier effects between the CEP290
DSD domain and MKKS that provides insight into the regulation of
cilia formation and function.
doi:10.1016/j.ydbio.2011.05.367
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Shwachman Diamond Syndrome is a p53-independent
ribosomopathy
Elayne Provost, Foram Ashar, Michael Parsons, Steven Leach
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Mutations in the human Shwachman–Bodian Diamond Syndrome
(SBDS) gene cause chronic neutropenia, exocrine pancreas dysfunc-
tion and skeletal defects. Although the precise cellular function of
SBDS is unknown, it has been implicated in ribosome biogenesis.
Diseases that affect ribosome biogenesis, termed ribosomopathies,
are generally understood to do so through a p53-dependent
mechanism. We used morpholino knock-down of the zebrafish
orthologue of SBDS to recapitulate the disease phenotype. Loss of
SBDS in zebrafish resulted in a loss of neutrophils, a small exocrine
pancreas and a disrupted skeletal architecture. Unlike other riboso-
mopathies, we have demonstrated that loss of p53 does not rescue
the SBDS MO mediated phenotype. We conclude Shwachman
Diamond Syndrome is a p53-independent ribosomopathy.
doi:10.1016/j.ydbio.2011.05.368
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BMP signaling as a context-dependent regulator of myocardial
proliferation and apoptosis: Relevance to congenital heart defects
and adult heart disease
Murim Choi, John Klingensmith, Alok Pachori
Duke University, Durham, NC, USA
Acquired heart disease in adults is a leading cause of disability and
death, while cardiac malformations are a leading cause of prenatal
and neonatal death. Organogenesis of the heart involves a complex
contribution of multiple cell types from several sources, and the heart
must become functional well before its development is complete. An
understanding of the extracellular signals that regulate heart
development will help clarify how the heart is constructed, and
may prove useful in elucidating molecular pathways relevant to adult
heart disease and its treatment. We have used mouse models to
probe the roles of Bone Morphogenetic Protein (BMP) signaling in
heart development and disease. Several tissue-specific genetic
ablations and in vitro explant culture experiments demonstrate a
direct requirement for BMP signaling in regulating myocardial
differentiation and proliferation in extracardiac progenitors. Later,
BMP signaling is necessary within the heart for cardiomyocyte
proliferation. We further find that BMP antagonism by Noggin is
necessary to keep myocardial proliferation in check during embry-
ogenesis. Thus, BMP signaling and its antagonism balance myocardial
proliferation in the embryonic ventricles. In the adult heart, BMP
signaling increases in myocardium that has become ischemic upon
cardiac artery blockage (myocardial infarction). We find that BMP
promotes apoptosis in infarcted heart tissue. Genetic or pharmaco-
logical reduction of BMP activity reduces apoptosis and the extent
of myocardial damage after injury. Our findings shed new light on
the regulation of normal mammalian heart development and its
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